
3-Hydroxy-3-methyiglutaric Acid (V). At room temperature, 0.1 g of sodium nitrite was added to 20 ml of 50% nitric 

acid (d 1.31), and this was followed at 35-40"C by 5.2 g (0.04 mole) of mevalonolactone (IV) and the reaction mixture was 

stirred at the same temperature for 5 h. The bulk of the nitric acid was distilled off, water (2 × 50 ml) was added to the 
residue, and the water was distilled off from the reaction mixture completely. The residue was dried in the air and, after 

recrystallization from acetone, 4.8 g (76%) of the acid (V) was obtained with mp ll0*C [6]. 
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S T R U C T U R E  O F  P O R P H Y R I N S  O F  K A R A Z H A N B A S S  P E T R O L E U M  

R. N. Nasirov UDC 543.42;547.741;553.982 

The spectral type and structure of the porphyrins isolated from Karazhanbass petroleum have been studied with the 
aid of electron spectroscopy in combination with the PMR method. 

The wide use of porphyrins and metalloporphyrins as medicinal preparations, semiconductors, and sensitizers and the 
creation from porphyrins of catalysts for chemical and enzymatic processes, and also the synthesis of expensive derivatives of 
them, explain the great interest in investigations of petroleum porphyrins [1, 2]. In the present paper we consider the composi- 

tion and structure of the porphyrins of the Karazhanbass petroleum with high levels of the vanadyl complex (230 rag/100 g of 
petroleum) and of the nickel complex (23.9 rag/100 g of petroleum) of the porphyrins, which have been studied by the methods 

of electron spectroscopy, electron spin resonance (ESR), and proton magnetic resonance (PMR). 
Metalloporphyrin concentrates were isolated by extraction with acetone. The vanadyl and nickel porphyrins of the Kar- 

azhanbass petroleum were separated by the procedure of [3] with the aid of absorption column chromatography on silica gel. 
The nickel porphyrins were eluted with hexane---benzene (1:1) and the vanadyl porphyrins with chloroform. To identify the 

nickel and vanadyl porphyrins and to determine their ratio we used the results of their electronic absorption spectra in the 
visible region (Fig. 1). The total amount of vanadyl complexes was checked by the ESR method [14]. 

Baker et al. [5] have proposed to use the ratio of intensities a/fl of the bands of the nickel complexes (Fig. lb) to 
evaluate the relative amount of deoxophylloerythroetioporphyrin (DPEP) and etioporphyrin (EP) in a mixture. In the case of 

the complex that we are studying, this ratio is 3.0, showing that in petroleum nickel porphyrin is present in the.form of the etio 
type. 

It is known that the magnitude a/fl can also be used for a preliminary characterization of the composition of vanadyl 
complexes of geoporphyrins if their spectral types are known; however, as will be shown below, to estimate the comparative 

amounts of DPEP and EP the use of the ratio air for the preliminary characterization of the vanadyl complexes of porphyrins 
has proved to be unsuitable because of their mutual superposition (air = 1.75) (Fig. la). 

A more commonly used method of determining spectral types is an analysis of the electronic spectra of the demetallated 

porphyrins. To prepare them for investigation, a benzene solution of vanadyl porphyrins was subjected to demetallation with 
concentrated sulphuric acid as in [3]. After purification, the free porphyrins with different structures were separated with the 
aid of column chromatography on silica gel LS 5/40. Benzene was used as the eluent. The porphyrins of the etio series were 
eluted first and were followed by the DPEP. 

Institute of the Chemistry of Petroleum and Natural Salts, Academy of Sciences of the Kazakh SSR, Gur'ev. Translated 
from Khimiya Prirodnykh Soedinenii, No. 1, pp. 32-35, January-February, 1990. Original article submitted December 7, 1988; 
revision submitted August 8, 1989. 

0009-3130/90/2601-0025512.50 o1990 Plenum Publishing Corporation 25 



1) 

! 
! 
! 
I 
I 
I 

/ 

I 

I- 

l 
f 

i 
5 7 3  

53~ 

~,~ s53 Fig. 1. Absorption spectra in the 

.SflVi visible region in chloroform of 

~ ~ , .  the vanadyl (a) and nickel (b) 
porphyrin complexes isolated from 

the petroleum of the Karazhan- 
bass deposit (bore hole 105). 

363 4~0 580 A, nm 

R R ~ R 

" / b 

R ~ R  R ~  R 

R R R H~'~H 
H H where Me = VO or 

Nt 

Fig. 2. Structures of the porphyrins isolated from the Karazhan- 
bass petroleum: a) etio type; b) DPEP; R) an a l~l  substituent. 

Analysis of the electronic absorption spectra in the visible region of the free bases showed the presence of two main 
series -- DPEP and EP, differing by the intensity of their absorption bands. The spectrum of DPEP, containing an isocyclic 

ring, with 2ma x 502, 536, 565, and 620 nm, was characterized by the relationship of the intensities IV > I > II > IIL In the 
case of the etio type four absorption hands were observed in the visible region at 498, 533, 565, and 620 nm with intensities 

in the relationship IV > Ill > II > I. 
The relative amounts of EP and DPEP in the petroleum studied were determined with the aid of the additivity rule [6] 

and from the intensity of the Sorer band (398 nm): 60 and 40%, respectively. 
The results obtained confirmed that in the mass of the vanadyl porphyrins the main structural group consists of alk71 

porphyrins and DPEP (Fig. 2), which agrees well with the results of an analysis of the Karazhanbass petroleum by mass 
spectrometry [7, 8]. 

To obtain more detailed information on the structures of the spectral types of porphyrins, the porphyrins isolated were 
studied by the proton magnetic resonance (PMR) metho0. In the PMR spectrum of a porphyrin containing a cyclopentane 

ring, unresolved multiplets of the 15'-CH 2 group are observed in the 5.20-ppm region. The signal from a lY-CH 2 group is 
observed in the 4.21-ppm region. The protons of the three meso positions (5-, 10-, and 20-H) are represented by signals at 

10 ppm. The signals of protons in the pyrrole substituted - C H  3 and --CH2-- appear in the form of multiplets in the 3.55- and 
4.10-ppm regions, respectively. Signals from the CH 3 group of an ethyl substituent are observed at 1.80 ppm. The NH signal 
appears at 4.7 ppm. The PMR spectrum of the DPEP from the Kara~anbass petroleum was similar to the PMR spectrum 
of the DPEP from the West Surgnt deposit [9]. 

The results obtained confirm that in the petroleum studied there was a considerable amount of DPEP, which is formed, 
according to Treibs' scheme [10], from a-chlorophyll on the reduction of the 3-vinyl and 13°-carhonyl substituents with dehydro- 

genation of the chlorine system to a porphyrin system by the hydrolysis of ester groups and decarboxylation. The scheme also 
includes the elimination of magnesium and conversion into a complex of porphyrin with vanadium. The transition from the 
DPEP series to the etio series takes place through the opening of the isocyclic ring in an acid medium. 
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For the nickel porphyrins, the appearance of compounds of the etio series apparently takes place under milder conditions 
than in the case of the vanadyl complexes, which explains the dominating role of Ni-EP as compared with Ni-DPEP. 

EXPERIMENTAL 

The electronic absorption spectra of the vanadyl and nickel porphyrins, and also the spectra of the flee porphyrins, were 
taken on a Specord UV-Vis spectrophotometer at room temperature. 

The ratio of the vanadyl porphyrins to the nickel porphyrins was determined spectrophotometrically. The level of vanadyl 

porphyrius (rag/100 g of petroleum) was determined directly by the method of electron spin resonance (ESR) on a modernized 
RI~-1301 radiospectrometer with an automated temperature attachment at ---90"C. Martyshinskaya petroleum (bore hole 132) 
with a known vanadyl porphyrin content (0.32 rag/100 g) was used as concentration standard. 

The PMR spectra of the porphyrius isolated were obtained on a Bruker WP-200 SY spectrometer with a working frequen- 
cy of 200 MHz in deuterochloroform solution with TMS as internal standard. 
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